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(57) ABSTRACT

A vehicle drive device includes: a torque converter having
an input-side rotating member to which power from a prime
mover is input and an output-side rotating member output-
ting power to drive wheels; an electric motor coupled to the
input-side rotating member; a transmission coupled to the
output-side rotating member of the torque converter; and a
case member housing the torque converter, the electric
motor, and the transmission, the case member having an air
chamber and an oil chamber, the prime mover and the
electric motor being disposed at positions with the torque
converter interposed therebetween in an axial direction, the
torque converter being housed in the air chamber, the
electric motor being housed in the oil chamber the vehicle
drive device further comprising a second electric motor
coupled to the output-side rotating member of the torque
converter, the second electric motor being disposed between
the electric motor and the transmission in the axial direction
in the oil chamber, an oil pressure generating device being
disposed between the electric motor and the second electric
motor in the axial direction in the oil chamber, and a drive
gear of the oil pressure generating device being coupled to
the input-side rotating member of the torque converter via a
first shaft disposed in parallel with an axis on an inner
circumferential side of the electric motor, a second shaft
parallel to the axis being disposed on an inner circumfer-
ential side of the first shaft, a stator impeller of the torque
converter being coupled via a one-way clutch and the second
shaft to a cover member that is a non-rotating member of the
oil pressure generating device, and the second shaft and the
cover member being coupled, and an oil passage for sup-
plying an operating oil to the torque converter being made
up of a gap formed between an inner circumferential surface
of the first shaft and an outer circumferential surface of the
second shaft.

3 Claims, 6 Drawing Sheets
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FIG.3

'/10
X

wp a0 o}
40 63\. MG1 42 100a100b 38

63
1646 20 2R 94 i “
480} i Pz 78
“ 7 \ 38b MG2
16t L.
\b N d 92 21
56 . { 76
CHCOOANR )
16 |\ o/l o/ /1| 72 KGR
I _ )| g3 - 80
(O3 4 ./
58 K
60 l T
82
e s N NS NN N7 NS § U7 NN s
\& e — NN - ANEERN ¢
N Ay g jl\
—~ A 88 ?P
i RN
69 Lu"l '
_L.LMLL'"‘L
50
S 890(89) 90
HYDRAULIG
ﬁ_/ CONTROL GIRGUIT
87
‘ ( ! l r- ‘OIL SUCTION PORTION
97 )

91



U.S. Patent Aug. 23,2016 Sheet 4 of 6 US 9,421,854 B2

F1G.4

10

16p 49 38a S . 3(
r ’
62 g4 ], MG1
46 i
N -]
48
AN
63
16 56 96\3 N \P~
b
50 63
N >4

16t

(.
165 \ $§ )5)7 64

/' 52
=
\/ \/ - \/ -—/54
54a,60a 7 < e
—F 71
< \1\7/ AN a S < = ‘)
69

1
89a(89)




U.S. Patent Aug. 23,2016 Sheet 5 of 6 US 9,421,854 B2

FIG.5
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VEHICLE DRIVE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a national phase application based on the PCT
International Patent Application No. PCT/JP2012/051233
filed Jan. 20, 2012, the entire contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

The present invention relates to a configuration of a
vehicle drive device including a hydraulic power transmis-
sion device having an input-side rotating member to which
power from a prime mover is input and an output-side
rotating member outputting power to drive wheels, an elec-
tric motor coupled to the input-side rotating member, and a
transmission coupled to the output-side rotating member of
the hydraulic power transmission device.

BACKGROUND ART

A vehicle drive device is known that includes a hydraulic
power transmission device having an input-side rotating
member to which power from a prime mover is input and an
output-side rotating member outputting power to drive
wheels, an electric motor coupled to the input-side rotating
member, and a transmission coupled to the output-side
rotating member of the hydraulic power transmission
device. A hybrid vehicle drive device of Patent Document 1
is an example thereof. The hybrid vehicle drive device of
Patent Document 1 has an engine, an electric motor, a torque
converter, and a transmission disposed in this order from the
engine toward the transmission in the axial direction.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publication
No. 2002-103997

Patent Document 2: Japanese Laid-Open Patent Publication
No. 2004-183807

Patent Document 3: Japanese Laid-Open Patent Publication
No. 2000-190749

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

The hybrid vehicle drive device of Patent Document 1 has
the electric motor disposed between the engine and the
torque converter in the axial direction, and the torque
converter and the electric motor are housed in the same
space. This configuration makes oil cooling of the electric
motor difficult and cooling performance of the electric motor
may be insufficient. In Patent Document 2, although the
engine, the torque converter, the electric motor, and the
transmission are disposed in this order from the engine
toward the transmission in the axial direction, the electric
motor and the torque converter are housed in the same space.
Therefore, the oil cooling of the electric motor is difficult
also in Patent Document 2 and the cooling performance of
the electric motor may be insufficient.

The present invention was conceived in view of the
situations and it is therefore an object of the present inven-
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tion to provide a configuration of a vehicle drive device that
includes a hydraulic power transmission device having an
input-side rotating member to which power from a prime
mover is input and an output-side rotating member output-
ting power to drive wheels, an electric motor coupled to the
input-side rotating member, and a transmission coupled to
the output-side rotating member of the hydraulic power
transmission device and that can improve cooling perfor-
mance of the electric motor.

Means for Solving the Problem

To achieve the object, the first aspect of the invention
provides (a) a vehicle drive device comprising: a hydraulic
power transmission device having an input-side rotating
member to which power from a prime mover is input and an
output-side rotating member outputting power to drive
wheels; an electric motor coupled to the input-side rotating
member; a transmission coupled to the output-side rotating
member of the hydraulic power transmission device; and a
case member housing the hydraulic power transmission
device, the electric motor, and the transmission, the case
member having an air chamber and an oil chamber, (b) the
prime mover and the electric motor being disposed at
positions with the hydraulic power transmission device
interposed therebetween in an axial direction, (¢) the hydrau-
lic power transmission device being housed in the air
chamber, the electric motor being housed in the oil chamber,
(d) the vehicle drive device further comprising a second
electric motor coupled to the output-side rotating member of
the hydraulic power transmission device, wherein (e) the
second electric motor is disposed between the electric motor
and the transmission in the axial direction in the oil chamber.

Effects of the Invention

Consequently, even in a configuration with the prime
mover and the electric motor coupled to the input-side
rotating member of the hydraulic power transmission
device, the prime mover and the electric motor are arranged
at the positions with the hydraulic power transmission
device interposed therebetween in the axial direction, the
electric motor can be housed in the oil chamber. Since the
electric motor is housed in the oil chamber, the electric
motor can be oil-cooled and, therefore, the cooling perfor-
mance of the electric motor can be improved. Since the
second electric motor is housed in the oil chamber housing
the transmission as is the case with the electric motor, the
second electric motor can also be oil-cooled and the cooling
performance of the second electric motor can also be
improved.

Preferably, the second aspect of the invention provides the
vehicle drive device recited in the first aspect of the inven-
tion further comprising a second electric motor coupled to
the output-side rotating member of the hydraulic power
transmission device, wherein the second electric motor is
disposed between the electric motor and the transmission in
the axial direction in the oil chamber. Consequently, since
the second electric motor is housed in the oil chamber
housing the transmission as is the case with the electric
motor, the second electric motor can also be oil-cooled and
the cooling performance of the second electric motor can
also be improved.

Preferably, the second aspect of the invention provides the
vehicle drive device recited in the first aspect of the inven-
tion, wherein an oil pressure generating device is disposed
between the electric motor and the second electric motor in
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the axial direction in the oil chamber, and wherein a drive
gear of the oil pressure generating device is coupled to the
input-side rotating member of the hydraulic power trans-
mission device via a first shaft disposed in parallel with an
axis on an inner circumferential side of the electric motor.
Consequently, when the input-side rotating member of
hydraulic power transmission device rotates, the drive gear
is rotated and the oil pressure generating device is operated.
Since the oil pressure generating device is disposed between
the electric motor and the second electric motor, heat trans-
fer between the electric motor and the second electric motor
is suppressed and thermal performance is improved.

Preferably, the third aspect of the invention provides the
vehicle drive device recited in the second aspect of the
invention, wherein a second shaft parallel to the axis is
disposed on an inner circumferential side of the first shaft,
wherein the hydraulic power transmission device is a torque
converter, wherein a stator impeller of the torque converter
is coupled via a one-way clutch and the second shaft to a
cover member that is a non-rotating member of the oil
pressure generating device, and wherein the second shaft
and the cover member are coupled. Consequently, an oil
passage for supplying operating oil to the hydraulic power
transmission device can be formed between the inner cir-
cumferential surface of the first shaft and the outer circum-
ferential surface of the second shaft. Since the oil passage is
made up of the members different from the rotation shaft of
the electric motor, the heat transfer between the oil passage
and the electric motor is suppressed.

Preferably, the fourth aspect of the invention provides the
vehicle drive device recited in the second or third aspect of
the invention, wherein terminal blocks of the electric motor
and the second electric motor are disposed on an outer
circumferential side of the oil pressure generating device.
Consequently, since a space is formed on the outer circum-
ferential side of the oil pressure generating device, the
terminal blocks of the electric motor and the second electric
motor can be disposed in the space with shifted phases so as
to effectively utilize the space.

Preferably, the fifth aspect of the invention provides the
vehicle drive device recited in the first aspect of the inven-
tion, wherein a partition wall is formed between the hydrau-
lic power transmission device and the electric motor with a
seal member disposed on an inner circumferential portion of
the partition wall, and wherein the seal member seals the oil
chamber. Consequently, the intrusion of foreign material
into the oil chamber is prevented. This seal member can also
be used as the seal between the hydraulic power transmis-
sion device and the transmission and an increase in the
number of parts can be suppressed. Since the air chamber
and the oil chamber can be partitioned by the partition wall,
heat transfer between the hydraulic power transmission
device and the electric motor is suppressed.

Preferably, in the third aspect of the invention, the second
shaft and the cover member are connected by press-fitting.
As aresult, the press-fitting portion between the second shaft
and the cover member also acts as a seal structure and
eliminates the need for a seal member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic for explaining a configuration of a
vehicle drive device that is an example of the present
invention.

FIG. 2 is an operation table of hydraulic friction engage-
ment devices for establishing shift stages in an automatic
transmission depicted in FIG. 1.
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FIG. 3 is a cross-sectional view for explaining a portion
of'the configuration of the vehicle drive device of FIG. 1 and
specifically corresponds to a cross-sectional view of parts
indicated by a dashed-dotted line of FIG. 1.

FIG. 4 is an enlarged cross-sectional view of a torque
converter side of FIG. 3 (on the left side of FIG. 3).

FIG. 5 is an enlarged cross-sectional view of a second
electric motor side of FIG. 3 (on the right side of FIG. 3).

FIG. 6 depicts circumferential positions of terminal
blocks of a first electric motor and a second electric motor
indicated by a dashed-dotted line of FIG. 5 in a simplified
manner.

MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will now be
described in detail with reference to the drawings. In the
following embodiment, the figures are simplified or
deformed as needed and portions are not necessarily pre-
cisely depicted in terms of dimension ratio, shape, etc.

EXAMPLE

FIG. 1 is a schematic for explaining a configuration of a
vehicle drive device 10 that is an example of the present
invention. In FIG. 1, the vehicle drive device 10 is prefer-
ably employed in FF (front-engine front-drive) type vehicles
and includes an engine 12 acting as a prime mover, a torque
converter 16 coupled to a crankshaft 14 of the engine 12, an
automatic transmission 18 disposed between the torque
converter 16 and drive wheels 26 and coupled to an output-
side of the torque converter 16 (corresponding to a hydraulic
power transmission device of the present invention), a first
electric motor MG1 disposed between the torque converter
16 and the automatic transmission 18 and coupled to a pump
impeller 16p that is an input-side rotating member of the
torque converter 16, and a second electric motor MG2
disposed between the first electric motor MG1 and the
automatic transmission 18 and coupled to a turbine impeller
167 that is an output-side rotating member of the torque
converter 16 and an input shaft 20 of the automatic trans-
mission 18. An oil pump 21 is disposed that is an oil pressure
generating device disposed between the first electric motor
MGT1 and the second electric MG2 and coupled to the pump
impeller 16p of the torque converter 16, the engine 12, and
the first electric motor MG1. As depicted in FIG. 1, the
vehicle drive device 10 of this example has the engine 12,
the torque converter 16, the first electric motor MG1, the oil
pump 21, the second electric motor MG2, and the automatic
transmission 18 disposed in this order from the engine 12
toward the automatic transmission 18 in the axial direction.
Therefore, the engine 12 and the first electric motor MG1 are
disposed at positions with the torque converter 16 interposed
therebetween in their axial direction. The first electric motor
MGT1 corresponds to an electric motor of the present inven-
tion; the second electric motor MG2 corresponds to a second
electric motor of the present invention; the automatic trans-
mission 18 corresponds to a transmission of the present
invention; and the oil pump 21 corresponds to an oil pressure
generating device of the present invention.

The torque converter 16 is a hydraulic power transmission
device including the pump impeller 16p that is an input-side
rotating member to which power from the engine 12 is input,
the turbine impeller 167 that is an output-side rotating
member outputting power to the drive wheels 26, a stator
impeller 165, and a one-way clutch F1. The pump impeller
16p, i.e., a pump impeller, is coupled to the crankshaft 14 of
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the engine 12 and the first electric motor MG1 and is
rotationally driven by the engine 12 to generate a fluid flow
due to a flow of operating oil in the torque converter 16. The
turbine impeller 167, i.e., a turbine runner, is coupled to the
input shaft 20 of the automatic transmission 18 and is rotated
in response to the fluid flow from the pump impeller 16p.
The stator impeller 16s is disposed in the fluid flow from the
pump impeller 16p to the turbine impeller 167 and is
supported by the one-way clutch F1 rotatably in the positive
rotation direction of the crankshaft 14 (the rotation direction
of the crankshaft 14 during operation of the engine 12) and
non-rotatably in the negative rotation direction. The input
shaft 20 of the automatic transmission 18 also acts as an
output shaft, i.e., a turbine shaft, of the torque converter 16.

The torque converter 16 includes a lockup clutch L.C
selectively coupling the pump impeller 16p and the turbine
impeller 16¢. The lockup clutch LC is operated through
operating oil from a hydraulic control circuit 90 (see FIG. 3)
and is controlled to one of an engaged state, a slipping state,
and a released state. When the lockup clutch L.C is in the
released state, torque is transmitted between the crankshaft
14 and the input shaft 20 via the operating oil in the torque
converter 16 as described above. When the lockup clutch L.C
is in the engaged state, the lockup clutch LC mechanically
directly couples the pump impeller 16p and the turbine
impeller 16¢ and, therefore, the crankshaft 14 of the engine
12 and the input shaft 20 of the automatic transmission 18
are integrally coupled to each other and torque is directly
transmitted between the crankshaft 14 and the input shaft 20
without intervention of the operating oil in the torque
converter 16.

The first electric motor MG1 is coupled to the crankshaft
14 of the engine 12 in series via a damper etc., absorbing
pulsation, for example, and is coupled to the pump impeller
16p of the torque converter 16 via a first shaft 52 described
later. In short, the first electric motor MG1 is coupled to a
power transmission path between the engine 12 and the
torque converter 16. The second electric motor MG2 is
coupled to a power transmission path between the torque
converter 16 and the drive wheels 26 and is specifically
coupled to the pump impeller 16p of the torque converter 16
and the input shaft 20 of the automatic transmission 18. The
first electric motor MG1 and the second electric motor MG2
are rotating machines configured to selectively acquire a
function of an electric motor generating a drive torque and
a function of an electric generator generating a regenerative
torque and are made up of AC synchronous motor genera-
tors, for example.

The automatic transmission 18 is interposed between the
torque converter 16 and the drive wheels 26 and is a
mechanical transmission making up a portion of a power
transmission path between the second electric motor MG2
and the drive wheels 26. Specifically, the automatic trans-
mission 18 is a known planetary gear type multistage
transmission including a first planetary gear device 30, a
second planetary gear device 32, a third planetary gear
device 34, and a plurality of hydraulic friction engagement
devices C1, C2, B1, B2, and B3, in a transmission case 38
(hereinafter, a case 38) that is a non-rotating member. The
automatic transmission 18 outputs power of the engine 12
input to the input shaft 20 acting as an input rotating
member, from an output gear 22 acting as an output rotating
member toward the drive wheels 26. In the automatic
transmission 18, the known hydraulic friction engagement
devices (clutches C1, C2, brakes B1, B2, B3) are respec-
tively engaged or released by the operating oil from the
hydraulic control circuit 90 (see FIG. 3) in accordance with
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a predetermined operation table depicted in FIG. 2 to
alternatively establish a plurality of shift stages (gear stages)
having respective different gear ratios yat (=transmission
input rotation speed Natin/rotation speed Nout of the output
shaft 22) of the automatic transmission 18. In FIG. 2, “O~
indicates an engaged state and a blank indicates a released
state.

FIG. 3 is a cross-sectional view for explaining a portion
of the configuration of the vehicle drive device 10 of FIG.
1 and specifically corresponds to a cross-sectional view
around the torque converter 16, the first electric motor MG1,
the oil pump 21, and the second electric motor MG2. FIG.
4 is an enlarged cross-sectional view of the torque converter
16 side of FIG. 3 (closer to the engine 12 on the left side of
FIG. 3) and FIG. 5 is an enlarged cross-sectional view of the
second electric motor MG2 side of FIG. 3 (closer to the
automatic transmission 18 on the right side of FIG. 3). As
depicted in FIG. 3, the vehicle drive device 10 has the torque
converter 16, the first electric motor MG1, the oil pump 21,
and the second electric motor MG2 disposed in series from
the torque converter 16 toward the second electric motor
MG?2 in the axial direction in the case 38 that is a non-
rotating member. In FIG. 3, the engine 12 is disposed on the
left of the torque converter 16 and the automatic transmis-
sion 18 is disposed on the right of the second electric motor
MG?2. Therefore, the engine 12 and the first electric motor
MG1 are disposed at the positions with the torque converter
16 interposed therebetween in the axial direction.

The case 38 corresponding to a case member of the
present invention is made up of a plurality of members (38a,
385b), houses the torque converter 16, the first electric motor
MG1, and the automatic transmission 18, and has an air
chamber made up of a space 87 described later and an oil
chamber made up of a space 89 (89a to 894) described later.
The case 38 further includes a first partition wall 40 inserted
between the torque converter 16 and the first electric motor
MG1, a second partition wall 42 inserted between the first
electric motor MG1 and the oil pump 21, and a third
partition wall 44 inserted between the oil pump 21 and the
second electric motor MG2.

The torque converter 16 is housed in the space 87 acting
as the air chamber and mainly includes the pump impeller
16p, the turbine impeller 167, and the stator impeller 16s.
The pump impeller 16p includes a front case (not depicted
in FIG. 3) and a rear case 46 coupled to the crankshaft 14
that is an output shaft of the engine 12 and integrally rotating
with the crankshaft 14, as well as a plurality of circumfer-
entially arranged blades 48 and, when the engine 12 rotates,
the blades 48 are rotated integrally with the rear case 46.
Because of the rotation of the blades 48 of the pump impeller
16p, the operating oil filled in the pump impeller 16p is
driven by the blades 48 toward an outer circumference. The
operating oil collides with blades 50 of the turbine impeller
167 disposed facing the pump impeller 16p, rotates the
blades 50 of the turbine impeller 167 by impact force thereof,
then flows along curves of the blades 50 of the turbine
impeller 16¢, and returns through the stator impeller 165 to
the pump impeller 16p, thereby circulating within the torque
converter 16.

An inner circumferential end portion of the rear case 46
is coupled by welding to the first shaft 52 disposed in
parallel with an axis C and rotatably around the axis C. The
first shaft 52 is formed into a cylindrical tubular shape and
is supported rotatably around the axis C by the first partition
wall 40 and the second partition wall 42 of the case 38. A
radially projecting flange portion 52a (see FIG. 4) is formed
at one end of the first shaft 52 on the torque converter side
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16 in the axial direction, and the inner circumferential end
portion of the rear case 46 is coupled by welding to an outer
circumferential end portion of the flange portion 52a. The
first shaft 52 axially penetrates an inner circumferential side
of the first electric motor MG1 and is coupled at an end
portion on the second electric motor MG2 side in the axial
direction to a drive gear 70 described later that is a drive gear
of the oil pump 21.

If a relative rotation speed difference between the pump
impeller 16p and the turbine impeller 16¢ is relatively large
such as in a state when the pump impeller 16p starts rotating,
a flow of the operating oil flowing out from the turbine
impeller 167 flows in the direction of blocking the rotation of
the pump impeller 16p; however, since the stator impeller
16s is disposed between the pump impeller 16p and the
turbine impeller 167 via the one-way clutch F1 spline-fitted
to a cylindrical tubular second shaft 54 that is a non-rotating
member, the flow of the operating oil is converted by the
stator impeller 16s into the direction of assisting the flow of
the pump impeller 16p. On the other hand, when the number
of rotations of the turbine impeller 167 increases and the
relative rotation speed difference between the pump impeller
16p and the turbine impeller 167 decreases, the stator impel-
ler 165 then acts to block the flow; however, since the stator
impeller 16s is rotated by the one-way clutch F1, such
blocking of the flow is prevented. The second shaft 54 has
an outer circumferential end portion on the torque converter
16 side in the axial direction spline-fitted to an inner ring of
the one-way clutch F1. The second shaft 54 is disposed in
parallel with the axis C to penetrate an inner circumference
side of the first shaft 52 in the axial direction thereof and is
extended to the oil pump 21 side. The second shaft 54 has
an outer circumferential end portion on the second electric
motor MG2 side in the axial direction press-fitted into an
inner circumferential portion of a pump cover 74 described
later that is a non-rotating member making up the oil pump
21. Therefore, the stator impeller 16s is coupled to the pump
cover 74 of the oil pump 21 via the one-way clutch F1 and
the second shaft 54, and the second shaft 54 coupled to the
pump cover 74 and the inner ring of the one-way clutch F1
coupled to the second shaft 54 are non-rotatably retained.
The second shaft 54 is press-fitted into the pump cover 74
and therefore non-rotatably supported via the pump cover 74
by the case 38 (the second partition wall 42).

The turbine impeller 167 includes a turbine shell 56
integrally rotating with the blades and an inner circumfer-
ential end thereof is coupled to a turbine hub 58 rotatable
around the axis C. An inner circumferential portion of the
turbine hub 58 is spline-fitted to an outer circumferential
portion of a third shaft 60 disposed rotatably around the axis
C on an inner circumferential side of the second shaft 54.
The third shaft 60 is formed into a column shape and is
disposed to axially penetrate the second shaft 54. The third
shaft 60 has an outer circumferential end portion on the
torque converter 16 side in the axial direction spline-fitted to
the inner circumferential portion of the turbine hub 58. The
third shaft 60 has an end portion on the second electric motor
MG?2 side in the axial direction spline-fitted to a rotor shaft
82 described later of the second electric motor MG2. The
third shaft 60 has a taper-shaped smaller diameter portion
60a (see FIG. 4) to form the outer diameter on the torque
converter 16 side in the axial direction smaller as compared
to the second electric motor MG2 side, and the inner
diameter of the second shaft 54 is also provided with a
smaller diameter portion 54a (see FI1G. 4) formed to have a
smaller diameter (a tapered shape) in accordance with the
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outer diameter of the third shaft 60 such that a gap from the
third shaft 60 is not substantially changed.

The first electric motor MG1 is housed in the space 89a
acting as an oil chamber, is disposed between the torque
converter 16 and the oil pump 21 in the axial direction, and
is supported rotatably around the axis C. The first electric
motor MG1 mainly includes a stator 62 non-rotatably fixed
to the case 38, a coil end 63 disposed on both axial ends of
the stator 62, a rotor core 64 rotatably disposed on an inner
circumferential side of the stator 62, and a rotor shaft 66
connected to an inner circumferential portion of the rotor
core 64. A resolver 67 for detecting the rotation speed of the
first electric motor MG1 is disposed on an inner circumfer-
ential side of the coil end 63.

The stator 62 is non-rotatably fixed by a bolt etc. not
depicted to the case 38. The rotor core 64 has the inner
circumferential portion thereof connected to the rotor shaft
66 and is configured to rotate around the axis C integrally
with the rotor shaft 66. The rotor shaft 66 has both outer
circumferential ends rotatably supported via bearings 68, 69
by the case 38. An inner circumferential portion of the rotor
shaft 66 is spline-fitted to outer teeth (spline teeth) formed
on an outer circumferential portion of the first shaft 52 and
the rotor shaft 66 is coupled via the first shaft 52 to, and
rotates integrally with, the pump impeller 16p of the torque
converter 16 and the engine 12. A spline fitting portion 71
between the rotor shaft 66 and the first shaft 52 is formed on
the second electric motor MG2 side of the rotor core 64 in
the axial direction. Specifically, the spline fitting portion 71
is formed closer to the second electric motor MG2 (closer to
the automatic transmission 18 on the right side of the
figures) relative to the center line of the first electric motor
MG1 (the rotor core 64) in the axial direction indicated by
a dashed-dotted line X. Therefore, a distance is made longer
in the axial direction between a shaft end portion of the first
shaft 52 on the torque converter 16 side and the spline fitting
portion 71.

The oil pump 21 acting as the oil pressure generating
device is a known gear pump that is disposed between the
first electric motor MG1 and the second electric motor MG2
in the axial direction in the space 895 acting as an oil
chamber and that mainly includes the drive gear 70, a driven
gear 72 meshed with the drive gear 70, and the pump cover
74 (cover member) housing the drive gear 70 and the driven
gear 72. The drive gear 70 is coupled to the pump impeller
16p of the torque converter 16 via the first shaft 52 disposed
on the inner circumferential side of the first electric motor
MG1. The pump cover 74 is fixed by a bolt etc. not depicted
to the second partition wall 42 and is non-rotatably fixed.
When the pump impeller 16p of the torque converter 16
rotates, the oil pump 21 is operated through driving of the
drive gear 70 via the first shaft 52. Since the inner circum-
ferential portion of the pump cover 74 making up the oil
pump 21 is connected to the second shaft 54 by press-fitting,
oil is prevented from leaking therethrough. Therefore, a
press-fitting portion 77 between the pump cover 74 and the
second shaft 54 acts as a seal structure preventing the
leakage of oil from the oil pump 21.

An oil passage 75 for supplying the operating oil to the
torque converter 16 is formed between an inner circumfer-
ential surface of the first shaft 52 and an outer circumfer-
ential surface of the second shaft 54. The first shaft 52 is
disposed on an inner circumferential side of the rotor shaft
66 of the first electric motor MG1 to couple the pump
impeller 16p (the rear case 46) of the torque converter 16
and the drive gear 70 of the oil pump 21. The second shaft
54 is disposed on an inner circumferential side of the first
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shaft 52 to couple the inner ring of the one-way clutch F1 of
the torque converter 16 and the pump cover 74. The oil
passage 75 for supplying the operating oil to the torque
converter 16 is made up of a gap formed between the inner
circumferential surface of the first shaft 52 and the outer
circumferential surface of the second shaft 54. The oil
passage 75 is supplied with the operating oil pumped up by
the oil pump 21 after pressure adjustment by the hydraulic
control circuit 90.

The second electric motor MG2 is disposed between the
first electric motor MG1/the oil pump 21 and the automatic
transmission 18 in the axial direction in the space 89c¢ acting
as an oil chamber and is supported rotatably around the axis
C. The second electric motor MG2 mainly includes a stator
76 non-rotatably fixed to the case 38, a coil end 78 disposed
on both axial ends of the stator 76, a rotor core 80 rotatably
disposed on an inner circumferential side of the stator 76,
and the rotor shaft 82 connected to an inner circumferential
portion of the rotor core 80. A resolver 83 for detecting the
rotation speed is disposed on an inner circumferential side of
the coil end 78 of the second electric motor MG2.

The stator 76 is non-rotatably fixed by a bolt etc. not
depicted to the case 38. The rotor core 80 has the inner
circumferential portion thereof connected to the rotor shaft
82 and is configured to rotate around the axis C integrally
with the rotor shaft 82. The rotor shaft 82 has both outer
circumferential ends rotatably supported via a bearing 84
etc. by the case 38. An inner circumferential portion of the
rotor shaft 82 is spline-fitted to the third shaft 60 and the
rotor shaft 82 rotates integrally with the third shaft 60 and
the input shaft 20 of the automatic transmission 18. The third
shaft 60 is rotatably supported by the case 38 (second
partition wall 42) via a bush as well as the second shaft 54
and the pump cover 74.

Although not depicted in FIGS. 3 to 5, the automatic
transmission 18 is housed in the space 894 acting as an oil
chamber (see FIG. 1).

The first partition wall 40 is formed between the torque
converter 16 and the first electric motor MG1 in the axial
direction so as to partition a space housing the torque
converter 16 and the first electric motor MG1. A first oil seal
86 is disposed between an inner circumferential end portion
of the first partition wall 40 and the first shaft 52 so that the
space 87 housing the torque converter 16 is spatially sepa-
rated from the space 89a housing the first electric motor
MG1. The space 87 housing the torque converter 16 is an air
chamber air-cooled by air from the outside. Therefore, the
torque converter 16 housed in the space 87 acting as the air
chamber is air-cooled by air from the outside.

Although the first oil seal 86 acts as a member for sealing
between the space 87 housing the torque converter 16 and
the space 89a housing the first electric motor MG1, the first
oil seal 86 not only separates the space 87 from the space
894 but also acts as a member spatially separating (sealing)
the space 87 housing the torque converter 16 from the space
895 housing the oil pump 21, the space 89¢ housing the
second electric motor M2, and the space 894 housing the
automatic transmission 18. Therefore, in the vehicle drive
device 10, the space 87 housing the torque converter 16 is
separated and sealed by the first partition wall 40 and the
first oil seal 86 from the spaces 89a to 894 housing the first
electric motor MG1, the oil pump 21, the second electric
motor MG2, and the automatic transmission 18. The spaces
894 to 89d are disposed with a lubrication circuit for cooling
the devices. Since each of the spaces 894 to 894 is a space
acting as an oil chamber, the spaces 894 to 89d can also be
considered as the space 89 acting as an oil chamber housing
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the first electric motor MG1, the oil pump 21, the second
electric motor M2, and the automatic transmission 18. As
a result, the first electric motor MG1 and the second electric
motor MG2 are housed in the space 89 housing the auto-
matic transmission 18. The first partition wall 40 corre-
sponds to a partition wall of the present invention; the first
oil seal 86 corresponds to a seal member of the present
invention; the space 87 corresponds to an air chamber of the
present invention; and the space 89 corresponds to an oil
chamber of the present invention.

The second partition wall 42 is formed between the first
electric motor MG1 and the oil pump 21 in the axial
direction so as to partition a space housing the first electric
motor MG1 and the oil pump 21. A second oil seal 88 is
disposed between an inner circumferential end portion of the
second partition wall 42 and the first shaft 52. Since the
second oil seal 88 is disposed, oil is prevented from flowing
between the space 89a housing the first electric motor MG1
and the oil pump 21. Specifically, the second oil seal 88
prevents movement of the oil leaking from a part of slidable
connection between the inner circumferential end portion of
the second partition wall 42 and the first shaft 52. Therefore,
the second oil seal 88 has a seal function preventing leakage
of the oil from the oil pump 21. A first radial oil passage 92
extending vertically upward for supplying cooling oil to the
first electric motor MG1 is formed in the second partition
wall 42 and the second oil seal 88 also has a function of
preventing leakage of the oil flowing in the first radial oil
passage 92. Therefore, the leakage of the oil from the oil
pump 21 and the first radial oil passage 92 is prevented by
the common second oil seal 88.

The first radial oil passage 92 is supplied with the oil
having a pressure adjusted by the hydraulic control circuit
90 and is connected to an axial oil passage 94 formed
vertically above the first electric motor MG1. The axial oil
passage 94 has a plurality of oil release holes formed for
supplying oil to the coil end 63 of the first electric motor
MGI1. The axial oil passage 94 is connected to a second
radial oil passage 96 formed in the radial direction in the first
partition wall 40. The second radial oil passage 96 is formed
in the first partition wall 40 so as to communicate the axial
oil passage 94 with the inner circumferential end portion of
the first partition wall 40.

As descried above, lubrication oil passages for cooling the
first electric motor MG1 are formed in the case 38. Specifi-
cally, when oil is supplied from the hydraulic control circuit
90 to the first radial oil passage 92, the oil is pumped
vertically upward through the first radial oil passage 92,
flowing into the axial oil passage 94. A portion of the oil
flowing through the axial oil passage 94 is supplied through
the release holes mainly to the coil end 63 of the first electric
motor MG1. The remainder of the oil flowing through the
axial oil passage 94 passes through the second radial oil
passage 96 to be accumulated in an oil pan 97 disposed in
a lower portion of the case 38 and is sucked up again from
an oil suction portion 91 (strainer) disposed on the oil pan
97, thereby circulating within the space 89 acting as the oil
chamber. The hydraulic control circuit 90 and the oil suction
portion 91 are located closer to the second electric motor
MG?2 (on the right side of the figures) relative to the first
electric motor MG1 in the axial direction. The hydraulic
control circuit 90 adjusts oil pressure discharged from the oil
pump 21 as needed to supply oil pressure optimum for the
torque converter 16, the automatic transmission 18, the
lubrication oil passages (92, 94, 96), etc.

A space is formed on an outer circumferential side of the
oil pump 21. In this example, this space is utilized to dispose
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a terminal block 100a for electrically connecting the first
electric motor MG1 from the outside of the case and a
terminal block 1005 for electrically connecting the second
electric motor MG2 from the outside of the case (corre-
sponding to parts surrounded by a dashed-dotted line of
FIGS. 3 and 5). FIG. 6 depicts circumferential positions of
the terminal block 100a and the terminal block 1005 in a
simplified manner. A broken line of FIG. 6 indicates an outer
diameter line of the first electric motor MG1. As depicted in
FIG. 6, the terminal block 100a and the terminal block 10054
can be located at the same radial positions by locating the
blocks at circumferentially shifted positions (phases) on the
outer circumferential side of the oil pump 21.

Effects of the vehicle drive device 10 configured as
described above will hereinafter be descried. As described
above, the first electric motor MG1 and the second electric
motor MG2 are housed in the space 89 acting as the oil
chamber housing the automatic transmission 18 etc. As a
result, the space 87 acting as an air chamber and housing the
torque converter 16 and the space 89 housing the first
electric motor M(31, the second electric motor MG2, and the
automatic transmission 18 can be spatially separated and
sealed, and an oil cooling mechanism of the first electric
motor MG1 can easily be configured without intrusion of
foreign material (dust or water) into the space 89 from the
outside. Conventionally, since the first electric motor MG1
is disposed between the engine and the torque converter and
the first electric motor MG1 is housed in the same space (air
chamber) as the torque converter, this makes oil cooling of
the first electric motor MG1 difficult and, therefore, cooling
performance of the electric motor MG1 is insufficient.

The vehicle drive device 10 has the torque converter 16,
the first electric motor MG1, and the second electric motor
MG?2 arranged in this order from the engine 12 toward the
automatic transmission 18. This arrangement enables spatial
separation of the torque converter 16 from the first electric
motor MG1, the second electric motor MG2, and the auto-
matic transmission 18.

Since the first oil seal 86 disposed between the torque
converter 16 and the first electric motor MG1 acts as a seal
mechanism not only for sealing of the first electric motor
MG1 but also for sealing between the torque converter 16
and the second electric motor MG2/the automatic transmis-
sion 18, which is essentially required, and therefore, an
increase of parts can be suppressed to reduce the vehicle
drive device 10 in size.

The spline fitting portion 71 acting as a coupling portion
between the torque converter 16 and the first electric motor
MG1 is within the space 89 housing the automatic trans-
mission 18 etc., and is disposed closer to the second electric
motor MG2 relative to the center line of the first electric
motor MG1 (the rotor core 64) in the axial direction indi-
cated by the dashed-dotted line X of FIG. 3. As a result,
since the spline fitting portion 71 is disposed within the
space 89, the intrusion of foreign material into the spline
fitting portion 71 is suppressed and lubrication using oil can
be achieved to improve wear resistance of the spline fitting
portion 71. When the spline fitting portion 71 is disposed
closer to the second electric motor MG2 relative to the
center line of the first electric motor MG1 (the rotor core 64)
in the axial direction indicated by the dashed-dotted line X
of FIG. 3, since a distance is made longer in the axial
direction between a shaft end portion of the first shaft 52 on
the torque converter 16 side and the spline fitting portion 71,
coupling rigidity between the engine 12 and the first electric
motor MG1 is made lower and an effect of vibration of the
engine 12 is reduced. In other words, when a length of the
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second shaft 54 coupling the torque converter 16 and the
spline fitting portion 71 is made longer in the axial direction,
since rigidity of the second shaft 54 is made lower and a
resonance frequency is changed, an effect of torque variation
of the engine 12 is reduced.

Since the second radial oil passage 96 is formed in the first
partition wall 40 inserted between the torque converter 16
and the first electric motor MG1, the first partition wall 40
is cooled, which improves a heat insulating effect between
the torque converter 16 and the first electric motor MG1.

The pump impeller 16p of the torque converter 16 and the
drive gear 70 of the oil pump 21 are coupled by the first shaft
52; the inner ring of the one-way clutch F1 of the torque
converter 16 and the pump cover 74 of the oil pump 21 are
connected by the second shaft 54 disposed on the inner
circumferential side of the first shaft 52; and the second shaft
54 and the pump cover 74 are connected by press-fitting. As
a result, the oil passage 75 for supplying the operating oil to
the torque converter 16 is formed between the inner circum-
ferential surface of the first shaft 52 and the outer circum-
ferential surface of the second shaft 54 and the formation of
this oil passage 75 suppresses an increase in the number of
parts such as a seal member. Since the oil passage 75 is
formed of members different from the rotor shaft 66 making
up the first electric motor MG1, heat transfer from the oil
passage 75 to the first electric motor MG1 is suppressed.
Since the second shaft 54 and the pump cover 74 are
connected by press-fitting, no seal member is required for
preventing leakage of oil from the press-fitting portion 77.

The oil suction portion 91 sucks up the oil accumulated in
the oil pan 97 formed in the lower portion of the case 38 by
the hydraulic control circuit 90 controlling the oil pressure
of the torque converter 16 etc. and the oil pump 21, and is
disposed closer to the second electric motor MG2 than the
first electric motor MG1 in the axial direction. As a result,
a length of the oil passage from the hydraulic control circuit
90 and the oil suction portion 91 to the oil pump 21 is
shortened, which enables reduction in pipeline resistance
and reduction in noise due to a flow. Since the first electric
motor MG1 can be made large in the radial direction, the
first electric motor MG1 can be shortened in the axial
direction.

The second oil seal 88 is disposed between the first
electric motor MG1 and the oil pump 21. Since the second
oil seal acts as a seal member of the oil pump 21 and also
acts as a seal member preventing the leakage from the first
radial oil passage 92, common use of the seal member
suppresses an increase in the number of parts.

The first electric motor MG1 and the oil pump 21 are
disposed in the same case 38a and the first electric motor
MG1 is supported by the case 38a. The oil pump 21 is fixed
to the second partition wall 42 that is a portion of the case
38a. As a result, the first electric motor MG1 and the oil
pump 21 can be formed as sub-assemblies to improve
assemblability of the vehicle drive device 10.

The turbine impeller 167 of the torque converter 16 and
the second electric motor MG2 are connected via the third
shaft 60 and the respective connecting portion is coupled by
spline fitting to each other. As a result, since the second
electric motor MGG2 is supported via the bearing 84 etc., and
is coupled to the torque converter 16 via a spline, shaft
misalignment with the torque converter 16 is absorbed by
the spline and transmission of vibration is also reduced by
the spline fitting.

The smaller diameter portion 54« is formed such that the
inner diameter of the second shaft 54 is made smaller than
that on the second electric motor MG2 side in the axial
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direction while the small diameter portion 60a is also
formed in the third shaft 60 such that the outer diameter is
made smaller than that on the second electric motor MG2
side in the axial direction, and the third shaft 60 is supported
by the case 38a. As a result, the smaller diameter portions
54a and 60a prevent the third shaft 60 from falling toward
the torque converter 16 at the time of assembly.

As depicted in FIG. 6, the terminal block 1004 of the first
electric motor MG1 and the terminal block 1006 of the
second electric motor MG2 can be disposed on the outer
circumferential side of the oil pump 21 at circumferentially
shifted positions to effectively utilize the space of the oil
pump 21. Since the terminal block 100a and the terminal
block 1005 can be gathered, workability at the time of
assembly can be improved.

As described above, according to this example, even in a
configuration with the engine 12 and the first electric motor
MG1 coupled to the pump impeller 16p of the torque
converter 16, the engine 12 and the first electric motor MG1
are arranged at the positions with the torque converter 16
interposed therebetween in the axial direction, the first
electric motor MG1 can be housed in the space 89 that is an
oil chamber. Since the first electric motor MG1 is housed in
the space 89, the first electric motor MG1 can be oil-cooled
and, therefore, the cooling performance of the first electric
motor MG1 can be improved.

According to this example, the second electric motor
MG2 coupled to the turbine impeller 167 of the torque
converter 16 is further included, and the second electric
motor MG2 is disposed between the first electric motor
MG1 and the automatic transmission 18 in the axial direc-
tion in the space 89. As a result, since the second electric
motor MG2 is housed in the space 89 (in the oil chamber)
housing the automatic transmission 18 as is the case with the
first electric motor M1, the second electric motor MG2 can
also be oil-cooled and the cooling performance can be
improved.

According to this example, the oil pump 21 is disposed
between the first electric motor MG1 and the second electric
motor MG2 in the axial direction in the space 89 and the
drive gear 70 of the oil pump 21 is coupled to the pump
impeller 16p of the torque converter 16 via the first shaft 52
disposed in parallel with the axis on the inner circumferen-
tial side of the first electric motor MG1. As a result, when the
pump impeller 16p of the torque converter 16 rotates, the
drive gear 70 is rotated and the oil pump 21 is operated.
Since the oil pump 21 is disposed between the first electric
motor MG1 and the second electric motor MG2, heat
transfer between the first electric motor MG1 and the second
electric motor MG2 is suppressed and thermal performance
is improved.

According to this example, the second shaft 54 parallel to
the axis is disposed on the inner circumferential side of the
first shaft 52; the stator impeller 16s of the torque converter
16 is coupled via the one-way clutch F1 and the second shaft
54 to the pump cover 74 that is a non-rotating member of the
oil pump 21; and the second shaft 54 and the pump cover 74
are connected. As a result, the oil passage 75 for supplying
the operating oil to the torque converter 16 can be formed
between the inner circumferential surface of the first shaft 52
and the outer circumferential surface of the second shaft 54.
Since the oil passage 75 is made up of the members different
from the constituent members of the first electric motor
MG1, the heat transfer between the oil passage 75 and the
first electric motor MG1 is suppressed.

According to this example, the terminal blocks 100a and
1005 of the first electric motor MG1 and the second electric
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motor MG2 are disposed on the outer circumferential side of
the oil pump 21. As a result, since a space is formed on the
outer circumferential side of the oil pump 21, the terminal
blocks 1004 and 1005 of the first electric motor MG1 and the
second electric motor MG2 can be disposed in the space
with shifted phases so as to effectively utilize the space.

According to this example, the first partition wall 40 is
formed between the torque converter 16 and the first electric
motor MG1 and the first oil seal 86 is disposed on an inner
circumferential portion of the first partition wall 40 so that
the space 89 acting as the oil chamber is sealed by the first
oil seal 86. As a result, the intrusion of foreign material into
the space 89 acting as the oil chamber is prevented. The first
oil seal 86 can also be used as the seal between the torque
converter 16 and the automatic transmission 18 and an
increase in the number of parts can be suppressed. Since the
space 87 (air chamber) and the space 89 (oil chamber) can
be partitioned by the first partition wall 40, heat transfer
between the torque converter 16 and the first electric motor
MG1 is suppressed.

According to this example, the second shaft and the cover
member are connected by press-fitting. As a result, the
press-fitting portion between the second shaft and the cover
member also acts as a seal structure and eliminates the need
for a seal member.

Although the example of the present invention has been
described in detail with reference to the drawings, the
present invention is also applied in other forms.

For example, although the automatic transmission 18 is a
stepped transmission in the example, this is not a limitation
of'the present invention and, the automatic transmission may
be, for example, a belt type continuously variable transmis-
sion and the type thereof may be changed as needed as long
as consistency is achieved.

Although a gear type gear pump is used as the oil pump
21 in the example, this is not a limitation of the present
invention and the oil pump may be, for example, a vane type
oil pump and may be changed as needed as long as consis-
tency is achieved.

Although the smaller diameter portions 54a and 60a are
respectively formed on the second shaft 54 and the third
shaft 60 in the example, these are not necessarily needed and
the third shaft 60 may be prevented from falling by a jig etc.

Although the torque converter 16 is disposed in the
example, any hydraulic power transmission device transmit-
ting power through fluid is sufficient for the present inven-
tion and, for example, a fluid coupling may be used instead
of the torque converter 16.

Although the engine 12 is disposed in the example, any
prime mover generating power is sufficient for the present
invention, and an electric motor etc. may be disposed instead
of the engine 12.

The above description is merely an embodiment and the
present invention can be implemented in variously modified
and improved forms based on the knowledge of those skilled
in the art.

NOMENCLATURE OF ELEMENTS

10: vehicle drive device 12: engine (prime mover) 16:
torque converter (hydraulic power transmission device) 16p:
pump impeller (input-side rotating member) 16z turbine
impeller (output-side rotating member) 16s: stator impeller
18: automatic transmission (transmission) 21: oil pump (oil
pressure generating device) 26: drive wheels 38: transmis-
sion case (case member) 40: first partition wall (partition
wall) 52: first shaft 54: second shaft 70: drive gear (drive
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gear) 74: pump cover (cover member) 86: first oil seal (seal
member) 87: space (air chamber) 89 (894-894): space (oil
chamber) 100a, 1005: terminal block MG1: first electric
motor (electric motor) MG2: second electric motor (second
electric motor) F1: one-way clutch

The invention claimed is:

1. A vehicle drive device comprising: a torque converter
having an input-side rotating member to which power from
a prime mover is input and an output-side rotating member
outputting power to drive wheels; an electric motor coupled
to the input-side rotating member; a transmission coupled to
the output-side rotating member of the torque converter; and
a case member housing the torque converter, the electric
motor, and the transmission, the case member having an air
chamber and an oil chamber,

the prime mover and the electric motor being disposed at

positions with the torque converter interposed therebe-
tween in an axial direction,

the torque converter being housed in the air chamber, the

electric motor being housed in the o0il chamber,

the vehicle drive device further comprising a second

electric motor coupled to the output-side rotating mem-
ber of the torque converter,

the second electric motor being disposed between the

electric motor and the transmission in the axial direc-
tion in the oil chamber,

an oil pressure generating device being disposed between

the electric motor and the second electric motor in the
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axial direction in the oil chamber, and a drive gear of
the oil pressure generating device being coupled to the
input-side rotating member of the torque converter via
a first shaft disposed in parallel with an axis on an inner
circumferential side of the electric motor,

a second shaft parallel to the axis being disposed on an
inner circumferential side of the first shaft, a stator
impeller of the torque converter being coupled via a
one-way clutch and the second shaft to a cover member
that is a non-rotating member of the oil pressure
generating device, and the second shaft and the cover
member being coupled, and

an oil passage for supplying an operating oil to the torque
converter being made up of a gap formed between an
inner circumferential surface of the first shaft and an
outer circumferential surface of the second shaft.

2. The vehicle drive device of claim 1, wherein

terminal blocks of the electric motor and the second
electric motor are disposed on an outer circumferential
side of the oil pressure generating device.

3. The vehicle drive device of claim 1, wherein

a partition wall is formed between the torque converter
and the electric motor with a seal member disposed on
an inner circumferential portion of the partition wall,
and wherein

the seal member seals the oil chamber.
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